Abstract: In high dynamic range(HDR) imaging, artifacts, generated on the block boundaries, has been a puzzling problem all the time. A novel HDR imaging method is proposed to eliminate the fatal defect in this paper. Firstly, we segmented the low-pass filtered images using the region segmentation method. Secondly, the most informative one in corresponding regions is selected and all the selected regions are mosaiced. Finally, a weighted function is used to eliminating the effect of the artifacts. The experimental results show that the proposed algorithm can greatly enlarge the dynamic range without losing the details of images, which has a wide application prospect in both civil and military fields.
INTRODUCTION
Dynamic range (DR) of the natural scene may be as high as 10 8 . At the same time, the human visual range is approximately 10 5 . However, the DR of images taken by the present commercial camera is restricted from 10 2 to 10 4 . When the radiance across a scene varies greatly(eg. 10 6 ), it is impossible to take both the bright area and the dark area into consideration. No matter how we adjust the exposure time, there always exists an overexposure area or underexposure area, leading to losing the scene's information. Compared to the traditional images, HDR images could keep more details and describe the visual characteristics of natural scenes with higher accuracy. A short exposure time makes a region with high luminance more clearly and the region with low luminance would be better described with a long exposure time. The commonly used HDR methods fuse multiple images obtained from different exposure time to get more image details. This kind of methods has been adopted by some commercial image processing software, such as Photoshop. Using images taken from different exposure time, some research [1, 2, 3] make an effort to get the camera response curve that reflects the relationship between the pixel value and the scene luminance. According to the special curve, the HDR radiance map is restored. Then, the radiance map is converted to image format by tone mapping algorithm. This method greatly enlarges the DR of image. However, it reduces the contrast in bright (or dark) area. Another kind of HDR imaging method is based on sub-block segmentation. Some of them [4, 5, 6] divided images into N blocks equally while others [7, 8] segmented images into different sizes of blocks in terms of image properties. Next, for multiple images, the corresponding blocks containing the most amount of information [5, 7] or the most abundant details [4] are put together to form a new image. This method achieves good performance in keeping image details, but obvious artifacts is introduced on the boundaries between sub-blocks, which seriously damages the visual effect. after that, a Gaussian function [5, 7] is applied to reduce the effect of artifacts [9] . However, the above operation makes the image lose some high frequency information. This paper proposes a novel HDR imaging approach based on region segmentation. Firstly, the image is divided into regions according to its properties. Secondly, the most informative one in corresponding regions is selected and all the selected regions are put together. Finally, the smoothing process is done with a weighted function to obtain the HDR image. Such approach allows a precise detail recovering in underexposed and overexposed regions of image without producing additional noise. Furthermore, segmentation algorithm allows to reserve as much information as possible in complex scenes with small details without producing strong artifacts.
ALGORITHM INTRODUCTION

HDR Imaging Based on Multi-Exposure Image Fusion
For N images of a static scene obtained at different exposures using a stationary camera, the traditional HDR imaging method combines the images into a single image in which each of the input image information is involved without producing noise. All input images are segmented into small local regions. The shape of the small regions is rectangular. Then the most informative region is selected for every local image region and put together to get a HDR image. Unfortunately, if the adjacent regions come from Figure 1 . For this purpose, the Gaussian blending function is usually used to reduce the effect of sharp transition. However, because of the using of the Gaussian blending function, some image details would be lost.
Region Segmentation Method
Before segmentation, the input images are preprocessed by a Gaussian lowpass filter. After filtering, the images look smoother and more importantly, the bright spots and dark spots are mostly eliminated. Therefore, the segmentation results in the next step are mainly related to the bright regions and dark regions. In order to overcome the drawback of the traditional image segmentation, a region segmentation method is used in this paper. The method employs both greyscale information and spatial information of image pixels to segment them into regions. Pixels in the same regions have similar image properties. If there is an obvious boundary between the bright area and the dark area, this method can divide the image into different regions at the location of the boundary. This can decrease the effect of the sharp transition after the mosaicing. The segmentation result of the input image of Figure 1 is shown in Figure 2 (a). After the segmentation, the images will be put together to get a HDR image. The output image is shown in Figure 2 (b). It looks better than that obtained by the traditional method.
Boundary Effective and Solution
If there is no obvious boundary between the bright area and the dark area, the segment boundary will be a curve. An example is shown in Figure 3(b) . In this case, the combination of the most informative regions will also bring obvious boundary effect, for example in Figure 3 (c). To reduce the boundary effect, a smooth transition is necessary from the 
ALGORITHM IMPLEMENTATION
In this part, the specific algorithm will be presented. The algorithm mainly contains three sub-parts, segmentation, fusion and boundary smoothing respectively. The main idea of the proposed algorithm is to separate input images into a set of regions according to the pixels intensities and select the best exposure area for each region and also do a smoothing process for the pixels near the boundary of the region.
Segmentation Method
The segmentation method [10] takes grayscale information and spatial information into account. It is used to locate regions with the same exposure. Such regions will have similar intensities. In the output image each region is represented by a single exposure. The segmentation process is shown in Figure 4 . Initialize a pixel as a region R 1 , set mean intensity of the region μ 1 equal to the intensity of the pixel and set threshold T to the initial value. Then connect- ed pixels will be checked recursively and they will be put in region R n if they satisfy the following condition:
where μ n is the mean value of the nth region, I ij is the value of pixel at i, j position, T is a threshold.
The segmentation results of a pair of original images with T = 50 and T = 90 are shown in Figure 5 . As we can see, the adjacent pixels with similar intensity are divided into the same region. Furthermore, we can get different segmentation images by changing the threshold T . The smaller the threshold is, the more regions we will get. Experimental results show that the best value of T ranges from 50 to 90. In Figure 5 (b, c), Different gray levels correspond to different kinds of regions.
Image Fusion
In the last stage of the HDR imaging, image fusion is done to combine the input low dynamic range images into a HDR image. Let I k denote the input image, where k = 1 . . . N and N stands for the number of images to be processed, each of them is taken with different exposure. Each image may contain some regions that include more details than the corresponding regions in the other N − 1 images. Our goal is to produce an image, which is the combination of the N input images and contains all regions that involve the most details in all of the input images. For each region in N input images, we select the most informative region as the corresponding region for the output image using the following equation:
where p(x i ) denote the probability of intensity value x i . A HDR image is obtained if we put the selected regions together. However, there might be sharp transitions along boundary of the regions. 
Boundary Smoothing
If the adjacent regions come from different input images, there will be sharp transitions along the boundary of the regions. For these sharp transitions, another process is necessary to make the boundary look smooth. A weight function is designed for the area(we call it Boundary Area) where the distance from each pixel to the nearest region boundary is less than D. As shown in Figure 6 , there are two regions (A and B) in the segmented images, and for region A the most informative region A m comes from I m and B n comes from I n . The sharp transition is introduced by A m and B n , so, in Boundary Area, the output is the combination of A m , A n , B m and B n . The weight function is constructed as following:
where 2D is the width of the smoothing area, and d is the distance from pixels to the boundary. After the processing, the weighted summation will be calculated as the pixel value for the correspondence region of the output image. The blending function is shown as following: Figure 6 : Whole Processing
where o denotes output, A and B denote regions, and i j denote the pixel position.
EXPERIMENTS AND ANALYSIS
Experimental results of the proposed algorithm are shown in Figure 7 -8 and we do some comparison with [3, 5] . Intuitively, all the processed images look better than the original images and our result is better than the others. For further quantitative evaluation on the performance of the proposed algorithm, we use two assessment criteria to measure different algorithms performance and to objectively evaluate the image quality. The criteria are information entropy (IE) and average gradient (AG), with IE reflecting the amount of information an image carries and AG mirroring the richness of image details, respectively. The calculation of IE and AG are shown in formula (2) and formula (8) .
where x denotes pixel value, and i j denote the pixel position. By calculating the IE and AG of the output images, we compare proposed algorithm with [3, 5] , as shown in Table 1 and Table 2 . 
CONCLUSION
A novel HDR imaging method based on region segmentation is proposed in this paper. During the processing, the images are segmented into regions and the most informative region is chosen from different exposure images to fuse the output image. HDR images obtained by the novel segmentation method and smoothing method perform better quality. However, the segmentation method is time consuming. So a faster method should be proposed in future work.
